ABSTRACT. After the great reform of the pension system in Poland in 1999, the several transformations of the new system were performed. The most essential, which changed the rules for the mandatory fully funded pillar, went implemented in 2011 and 2014. The aim of the study is to answer the question if new regulations better protect the retirement savings. To obtain this goal we compare the performance of the pension funds to the actual and hypothetical benchmarks which are constructed according to the changes of the pension system, introduced by the Polish government. The research is provided applying several measures of the investment efficiency, for instance Sharpe, Sharpe-Israelsen, Sortino, Treynor and Jensen ratios.
Introduction
The pension system in Poland was reformed at the end of the XX century. Due to this original reform, the defined benefit plan was replaced by the defined contribution one. The new pension system consisted of two mandatory pillars: Social Insurance Institution (SII), representing the pay-as-you-go system (PAYG) and open pension funds (OPF), representing fully founded system. The third voluntary founded pillar completed this system.
The reform of the pension system was very profound but it suffered from several shortcomings. The main problem has been the permanent shortage of funds to pay the pension benefits, what causes the increase of the budget deficit. The criticism of the pension system functioning resulted in the essential transformation of the system, concerning: (1) the distribution of the retirement contribution between the SII and the OPF, (2) the retirement age, and (3) the pension funds functioning, among others.
The new law (which went into affect in February 2014) shifted 51.5% of the assets, held by the OPFs (about 150 billion PLN 1 ) to the state-run PAYG pension system (i.e. to the SII), including all debt securities issued and guaranteed by the State Treasury. According to the new regulations, the second founded pillar became no longer obligatory. There was an automatic transfer of the retirement contributions to the SII, instead of the OPF, unless an 1 Approximately it is about 40-45 billion UDS or 35-38 billion EUR. portfolio composition, forced by the regulation that went into affect in 2014. In our investigation we compare the investment performance applying different risk and investment efficiency measures, such as: semi-variance, tracking error, reward-to-variability ratio and information ratio defined by Sharpe, Treynor and Sortino ratios, together with Sharpe alpha, Jensen alpha, Sharpe-Iraelsen and Traynor-Black ratios. These efficiency measures will be evaluated for different assumptions concerning benchmarks, risk free instruments, etc. to investigate the sensitivity of these measures.
Data and investment portfolios
Analysis is conducted on the basis of the annual data from the years 2000-2013. In our investigation we provide the comparison of the performance of:
• Open End Pension Funds, represented by the weighted average rates of returns from accounting pension funds units (denoted as OPF); • Social Insurance Institution, represented by indexation rates of pension contribution collected by these institutions, treated as returns from the retirement savings (-SII); • Polish capital market, represented by annual returns from the Warsaw Stock Exchange Index WIG, treated as returns from the capital market (-WIG), • Polish Treasury Bonds, represented by annual returns from Treasury Bonds (-T Bonds), • Polish money market, represented by the annual Warsaw Interbank Offered Rate (-WIBOR) , treated as risk free instrument and • constructed benchmarks -portfolios.
In our investigation we select two possible risk-free instruments i.e. T-Bond and WIBOR. We also apply 5 portfolios, which are used as benchmarks for performance analysis:
• m1, describing the capital market in Poland, represented by WIG, • m2, being the combination of WIG and Treasury Bonds, in such a way that the returns of m2 are always positive, i.e. returns = max {WIG returns, T-Bond returns}, • m3, which replicate the structure of OPF portfolio due to the original reform from 1997, i.e. contains 42% T Bonds, 46% WIG and 12% WIBOR.
• m4, which is a modified portfolio m3 (due to the law from 2014), and combines 67% of WIG and 33% of WIBOR, i.e. the share of T-Bonds from portfolio m3 was equally divided between both instruments WIG and WIBOR; • m5, which is another modification of portfolio m3 (due to the law from 2014), and includes 88% of WIG and 12% of WIBOR, i.e. the share of T-Bonds was replaced by WIG.
Performance measures
Portfolios performance usually is measured by comparing their rates of return and risk measures. The former seems to be the most important for the pension funds members when they decide about the pension funds selection. In the research several hypotheses are verified in order to find out if the expected value of the analyzed rates of return and their variances significantly, generated by the considered portfolio differ, from the ones generated by selected benchmarks. In our investigation we use popular tests statistics (See (Warner, 2007; Witkowska et al., 2012) , among others), for the significance level -0.05. The null hypothesis about the significance of differences between two expected rates of return is as following: 
The null hypothesis about the equality of two expected values of returns from two portfolios is formulated as following:
and it is testified using the t-Student statistics: To compare the risk, we use two tests that let us inference if the analyzed portfolio is characterized by smaller or bigger risk than the benchmark or another portfolio. In the former the null hypothesis:
is testified using the Chi-squared statistics with (T-1) degrees of freedom: Various researchers have highlighted numerous factors influencing the portfolio performance, therefore there is great variety of the efficiency measures in the literature. They usually differ by the defined benchmarks, which are used to evaluate the surplus return, and the risk measures. There are also problems of defining the market index, the risk free instrument, or acceptable by the investors the level of returns, and some technical questions. All these aspects influence the conclusion about the considered portfolio. It also happens that the value of the same measure is different for selected (two or more) benchmarks, and even for the same benchmark the value of the ratio may differ if it is evaluated by different researchers or analysts because of technical questions that essentially affect the values of these measures (see Otto, Wiśniewski, 2013) .
The surplus return is measured by comparing the rates of return from the considered portfolio to: the selected benchmarks -Rb, the market portfolio, -Rm, the risk free instrument -Rf, and the investor's return target or minimal acceptable return -R*. There are several measures of risk used in the investment efficiency ratios such as: standard deviation of: the portfolios -Se, the market index -Sm and the benchmark -Sb, beta coefficientestimated from the single-index model 9 or the Capital Asset Pricing Model (CAMP), tracking error Seb, which is the standard deviation of differential returns -Seb:
and the semi-deviation of differential returns -SSe:
In our investigation we apply several well-known investment efficiency measures, which are described in (Tarczyński, 1997; Białek, 2009; Perez, 2012; Antolin, 2008; Domański (ed.), 2011; Witkowska et al., 2012; Zamojska, 2012 , among others. The Sharpe (reward-to-variability) ratio (Sharpe, 1966) measures an investment's excess return per unit of risk is defined as following: 
The excess return information ratio or the differentia return information ratio (Sharpe 1994 ) is defined as: 
9 To evaluate Traynor ratio (Domański (ed.), 2011, p. 62) and (Perez, 2012, p. 155) use beta from the singleindex model. The modification of the Sharpe ratios is the Sortino measure (Sortino, Price, 1994) :
Another traditional measure of the portfolio performance is the reward-to-volatility index proposed by (Treynor, 1965) :
In the research the Jensen's performance index (Jensen's alpha) (Jensen, 1968 ) is used to determine the abnormal return of the portfolio over the theoretical expected return. The index is estimated from the Capital Asset Pricing Model (CAPM):
due to the formula:
If Jensen's alpha is positive the analyzed portfolio is superefficient, if it is negative the portfolio is inefficient i.e. the obtained results are worse than buy and hold strategy. To compare the performance of the portfolios, characterized by different risk, the Black-Treynor ratio (Treynor, Black, 1973) is used: 
where -parameter estimates of CAPM (16). Not only the management of the fund determines the performance of the investment portfolio but also the situation on the market. Therefore, the efficiency measures that take into account the market trend are also used. The examples of such measures are two following ratios (see Salamaga, 2013) : see (Jamróz, 2013) : 
where the exponent for the tracking error equals (+1) when the average portfolio returns are bigger than the benchmark returns, and (-1) when the situation is opposite. Presented above measures (except Jensen's alpha, which is interpreted) are used to compare the different portfolios however here the question arises if the differences between the evaluated values of the measures are statistically significant. To testify such hypothesis for the Sharpe ratios the Jobson-Korkie test (Jobson, Korkie, 1981) with the Memmel correction (Memmel, 2003) may be used. The test statistics is as following (Blitz, van Vliet, 2007) : 
where WSei -the Sharpe ratio evaluated for the i-th portfolio (i=1, 2), ρ1,2 -the correlation coefficient evaluated for the rates of return obtained by both portfolios. Discussion about this test and its application for the Polish pension market can be found in (Kurach, Papla, 2014) .
Empirical results
The period 2000-2013 was characterized by different economic and financial situation in Poland, and we may distinguish bull and bear markets at the Warsaw Stock Exchange that affected returns from the investments. Therefore, we assume that the situation observed in the considered period is representative for any time span, and conclusions concerning the performance of analyzed portfolios may be generalized. Source: Own elaboration. Table 1a ,b contains the general information about the performance of the actual and the hypothetical portfolios. Among all actual portfolios the returns from the OPF seems to be the biggest what means that this portfolio better protects the pensioners' savings than the SII, and investments on money, bond or capital markets. The smallest risk is observed for WIBOR (if it is measured by the standard deviation) and the SII (for the coefficient of variation), which seems to be the most effective in terms of the Sharpe ratio, evaluated for WIBOR representing the risk-free instrument. Among all hypothetical portfolios, the one denoted as m2 is the most effective. It is worth mentioning that the portfolios m4 and m5 (which are divested of T-Bonds) are characterized by bigger risk and smaller cumulative return than the portfolio m3. It means that the changes of the OPFs' portfolio structure (as it has been affected since 2014) do not improve performance of the pension funds Source: Own elaboration.
Value of the tracking error depends on the benchmark. Indexation coefficient of the pension contribution collecting by the SII follows the inflation and the percentage rates thus the tracking errors for WIBOR and T-Bonds being benchmarks are the smallest among all analyzed portfolios in Table 2 . While the tracking error of the OPF is the smallest when it is evaluated for the portfolio m3 being the benchmark, since this portfolio represents the pension funds' portfolio structure due to the original reform. (2), (4), (6) and (8). The expected rates of returns are positive for all portfolios, and significantly bigger than WIBOR for all of them except capital market. When T-Bonds become the benchmark, the OPF, the SII and the WIG returns are insignificantly bigger, and for the benchmark selected as WIG, returns generated by the SII, T-Bonds and WIBOR are significantly smaller than the one generated by the capital market. Returns from the OPF are not significantly bigger than the SII indexation but the risk is significantly higher. The portfolio m2 is characterized by the significantly bigger returns and variances for all benchmarks what is connected with its construction. Source: Own elaboration. (12) and (13) The efficiency ratios defined by Sharpe, Sharpe-Israelsen and Treynor are presented in Table 4 . The SII indexation is more effective than the OPF investments if Sharp ratios are taken into account, although these differences seem not to be significant. Also the hypothetical portfolio m3 (containing T-Bonds) performs better than the portfolios m4 and m5 (without T-Bonds). While the Treynor ratio (evaluated for the beta coefficient from the single-index model) shows much better performance of the pension funds than the Social Insurance Institution. However the significant differences between Shape measures evaluated for the returns from the compared pairs of the instruments are visible only for the pension funds and the capital market when WIBOR is treated as a benchmark (Table 4) . Source: Own elaboration.
The similar conclusions may be derived if the Treynor ratio is evaluated for beta coefficient estimated for the CAPM, except the model for WIG as the market index. The same situation is when Jensen alphas are compared ( Table 5 ). The alpha values are positive and significantly bigger than zero in all models, except the one estimated for the returns from the pension and the market index represented by the hypothetical portfolio m2. However the Black-Treynor ratio shows that the OPF investments are more effective than the SII indexation in two comparisons. -0.074 -0.194 -0.196 -0.336 * -0.229 -0.336 -0.336 R*=m2 -0.680 -0.669 -0.520 -0.671 -0.768 -0.856 R*=m3 0.361 -0.149 0.262 -0.155 -0.448 19.332 Note: *denotes that for selected instruments Sortino measure could not be evaluated because of the zero value of the semivariance.
Source: Own elaboration.
The Sortino performance measure (Table 6) gives the SII indexation the best position (after m2) if WIBOR is the minimal expected by the investor return. While if the accepted return is on the level of WIG or m3, the OPF (and the hypothetical portfolio m2) investments perform better than others. Also for both selected actual benchmarks WIBOR and WIG, portfolios constructed due to new regulations (i.e. m4 and m5) perform worse than the one following the original pension system reform (i.e. m3). Table 7 contains values of the measures (19)-(20) evaluated for the different market indexes, and risk free instruments. If the general situation of the market is taken into account, we notice that the OPF investments usually better performs than the SII indexation, and the portfolio m3 is more effective than the portfolios m4 and m5, except the situation when TBonds is risk-free instrument. Source: Own elaboration.
Conclusion
In our investigation we use 34 performance measures constructed for the different representatives of the benchmarks, the market indexes and the risk-free instruments. All these measures are calculated for both institutions active at the Polish pension market i.e. the private pension funds representing the founded mandatory pillar, and the state PAYG institution. During analyzed period the retirement contribution from each employee was obligatory transferred to the OPF and the SII, however the part obtained by the pension funds was declining.
It is worth mentioning that all contribution collected by PAYG system has been at once paid as the pension benefits thus there is no retirement savings in the SII accounts which can be invested anywhere. The government provides the indexation of the pension contribution to keep the book value of the individual pension accounts on the same real level. But the indexation rate is the political decision, and it is usually close to the inflation rate. Therefore now nobody knows what level of the replacement rate can be expected in future, even the close one.
The private pension funds invest retirement savings constructing their portfolios according the obligatory regulations. Therefore the analysis is provided not only for the pension funds (OPF) but also for the hypothetical portfolios m3, m4 and m5. To make our research more complete we considered also portfolios representing the capital (WIG), money (WIBOR) and bonds markets together with the hypothetical portfolio m2, which represents the best performance, being a combination of the capital and bond markets.
The analysis shows that the OPF investment performance in the considered time span is usually better than the SII indexation. Therefore, assuming that it is reasonable to generalize the results obtained for the sample 2000-2013, the future pensioners' savings will be higher if retirement contribution is invested by the OPF than if collected by the SII. Although the management of the OPF should try to obtain better results, especially that they charge their services high.
Applying different measures of the investment efficiency, it is visible that the diversified portfolio m3 is usually more effective than portfolios m4 and m5, constructed due to new regulations that became affective in 2014. Therefore, in our opinion, the limitation of the investment instruments, introduced by the government in 2014, declines the performance of the pension funds and also reduces the security of the retirement savings. In other words, the pension system in Poland had to be modified but not in the way as it was done.
